This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Purpose: Combination therapy with an α-1-adrenergic blocker and phosphodiesterase type 5 inhibitors (PDE5Is) has shown improvements in lower urinary tract symptoms (LUTS) with negligible side effects. Nonetheless, decisive advantages in symptom improvement were insufficient, and there were no clinical differences between long-or short-acting PDE5Is in combination with combination medication. Methods: To review the studies on α-1-adrenergic blocker monotherapy and combination therapy with long vs. short-acting PDE5Is in their use in LUTS and erectile dysfunction (ED). A search of the MEDLINE, Embase, Cochrane Library, and KoreaMed databases was conducted from 2000 to 2014 using combinations of the relevant terms. Among the 323 relevant references discovered, 10 were selected for meta-analysis. The data showed that 616 men received combination therapy (PDE5Is with α-1-adrenergic blockers) or α-1-adrenergic blocker monotherapy. Results: Meta-analysis of the combination therapy showed it was more effective than α-blockers in improving symptoms, with a mean International Prostrate Symptom Score change difference of -1.93 while those of the long-vs. short-acting PDE5I were -2.12 vs. -1.70. Compared to maximum flow rate (Qmax) value with monotherapy, the Qmax increased more with the combination therapy (mean difference of 0.71) while change values were 0.14 and 1.13 for the long-and short-acting PDE5Is, respectively. Residual urine decreased more with the combination therapy than it did with α-1-adrenergic blocker monotherapy with a mean difference of -7.09 while the mean residual urine change values for long-vs. short-acting PDE5Is were -18.83 vs. -5.93. The International Index of Erectile Function value increased by 3.99, 2.85, and 4.85 following combination therapy, and therapy with long-and short-acting PDE5Is. Conclusions: Our meta-analysis suggests that PDE5Is can significantly improve LUTS in men with benign prostatic hyperplasia/ED. Furthermore, combination PDE5I and α-1-adrenergic blocker could be a more effective treatment than α-1-adrenergic blocker monotherapy, and the differences between long and short-acting agents were minimal.
INTRODUCTION
Lower urinary tract symptoms (LUTS) and sexual dysfunction are common urologic diseases in older males. The incidence of LUTS increases with age and is prevalent in more than half of men who are 50 years or older [1, 2] . The pathogenesis of benign prostatic hyperplasia (BPH)-LUTS is complicated, only partially understood, and involves bladder/prostate afferent nerve activity, feeding vessel ischemia, and various physiologic pathways [3] . Currently, α-blockers and 5α-reductase inhibitors are effective and widely accepted treatment choices for BPH. However, they are associated with side effects such as dizziness, hypotension, and sexual dysfunction with limited clinical efficacy [4] .
Therefore, there is a continuing need for more advances in developing BPH medications that cover the complex pathophysiology of LUTS.
In 1998, phosphodiesterase type 5 inhibitors (PDE5Is) were first approved for the treatment of erectile dysfunction (ED). The mechanism of action of PDE5Is involves increasing the levels of the second messenger, cyclic guanosine monophosphate (cGMP), which induces penile erection through smooth muscle relaxation [5] . Theoretically, PDE5Is can increase the level of nitric oxide (NO) in smooth muscle, which mediates smooth muscle relaxation in the corpus cavernosum, thereby facilitating penile erection. Additionally, NO can relax smooth muscles of voiding-related urological organs such as the bladder neck and prostate, eventually relieving BPH-related LUTS [3, 5] .
The American Urological Association guidelines recommend α-adrenergic blockers as the most rapid, effective therapy for the management of LUTS [6] . We can infer that PDE5Is affect LUTS through various mechanisms other than α-adrenergic receptor blockade and therefore, combination therapy with α-blockers and PDE5Is would be expected to offer better outcomes than α-blocker monotherapy. However, there is a lack of definite evidence supporting this hypothesis. Daily low-dose (5 mg) tadalafil was first approved for the management of LUTS. The long half-life and effective serum concentration of tadalafil make it theoretically suitable for use as a daily medication for LUTS [3] . It is important to differentiate the clinical characteristic of long-and short-acting PDE5Is prior to their combination use with α-blockers. Therefore, the goal of the current systematic review is to summarily compare the effects of α-blockers plus short-or long-acting PDE5Is vs. α blocker monotherapy. In addition, a meta-analysis of the data presently available in the literature on the combination use of PDE5Is in LUTS including a subgroup analysis of the half-life of PDE5Is will be conducted.
MATERIALS AND METHODS
We conducted an inclusive exploration based on multidatabase electronic literature searches to classify relevant clinical research study articles published between January 1990 and December 2014. Literature searches of MEDLINE, Embase, Cochrane library, and the KoreaMed databases were performed without any limitations on the study design and language. The keywords used in the search were standardized medical terminology developed to index articles for each publication source (MED-LINE, MeSH; Embase, Emtree) and included lower urinary tract symptoms, LUTS, benign prostatic hyperplasia, BPH, sildenafil, tadalafil, vardenafil, udenafil, and mirodenafil. The literature search process was based on the table suggested by the Cochrane Collaboration [7] . When necessary, an article title and abstract were excluded if they did not meet the selection criteria set to achieve our study purpose of comparing the combination use of PDE5Is and α-blockers vs. α-blocker monotherapy. Individual documents were evaluated using each of the tools and were subsequently separated according to the study design.
The primary monitoring of the electronic databases to classify potential studies for inclusion based on titles and abstracts was performed by two independent authors (H.C. and J.H.B.). If relevant data were lacking, both authors assessed the whole text of the affected study for a clear interpretation, and the final decision was made by another independent author (J.K.Y.). The included data were subsequently crosschecked carefully to ensure there were no overlapping data and ascertained the integrity of the meta-analysis.
The bias risk of the selected studies was evaluated. Furthermore, the differences in opinion of the monitoring authors regarding the suitability of selected studies during the extraction process were debated and decided. The class of the studies were determined using the accessible recent standards of trial reporting forms and related parameters including randomization methods, allocation concealment, blinding of assessment, and dropout criteria [8, 9] .
The studies selected for inclusion in our review were randomized clinical trials on the combination use of short-or long-acting PDE5Is plus α-blockers vs. α-blocker monotherapy for LUTS with BPH. The statistical heterogeneity was assessed using the chi-square test and I 2 > 70% were considered to signi- 
RESULTS
A full comprehensive flow chart for the study enrollment decision is shown in Fig. 1 . The preliminary sorting process found 935 articles in the electronic databases: 576, 208, 131, and 20 from Embase, MEDLINE, Cochrane, and KoreaMed, respectively. Next, 146 studies were excluded for overlapping or being searched in more than one database. Then, the screening of paper titles and abstracts yielded 466 studies that did not meet the inclusion criteria and therefore, were excluded. Subsequently, 323 papers were meticulous reviewed, and 313 were excluded because of a lack of relevance to our study topic (298) or an inadequate study design (15) and 10 studies were finally selected. Table 1 shows the included trials in the meta-analysis. The duration of treatment ranged from 4 to 12 weeks. There were 292 cases each of the combination therapy and α-1-adrenergic blocker monotherapy. Fig. 2 shows the efficacy differences in symptom improvements. The meta-analysis revealed that the combination therapy was more effective than the α-blocker was in improving symptoms, and the mean IPSS change difference was -1.93 (95% CI, -2.54 to -1.32). In addition, the differences based on acting durations showed mean International Prostrate Symptom Score (IPSS) changes in the long-vs. short-acting PDE5I of -2.12 vs. -1.70, respectively; however, this difference was not statistically significant. The Qmax increased more in the combination therapy-treated patients than it did in those administered α-1-adrenergic blocker monotherapy, with a mean difference of 0.71 (95% CI, 0.08-1.33). Furthermore, the mean Qmax change of the longacting PDE5Is was 0.14, which was not increased more significantly with combination therapy than with α-1-adrenergic blocker monotherapy. However, combination therapy with short-acting PDE5Is significantly increased the Qmax by 1.13 compared with α-1-adrenergic blocker monotherapy (Fig. 3) .
In Fig. 4 , the residual urine decreased more in patients administered combination therapy than those administered α-1-adrenergic blocker monotherapy with a mean difference of -7.09 (95% CI, -13.15 to -1.04). Furthermore, the mean residual urine change values with long-vs. short-acting PDE5Is were -18.83 vs. -5.93, respectively; however, this difference was not statistically significant. In addition, the heterogeneity was high with the long-acting PDE5Is (I 2 = 86%).
Finally, the International Index of Erectile Function (IIEF) increased more in patients administered combination therapy than in those administered α-1-adrenergic blocker monotherapy, with a mean increment of 3.99 (95% CI, 2.42-5.56). Interestingly, the mean IIEF improvement of the long-acting PDE5I combination therapy was less than that short-acting PDE5I (2.85 and 4.85, respectively) but with negligible differences. Furthermore, the heterogeneity was high with both long-and short-acting PDE5Is (I 2 = 77% and 75%, respectively; Fig. 5 ).
DISCUSSION
There are established associations between ED and LUTS involving several pathways. Therefore, although PDE5Is have been developed for the treatment of ED, they have positive effects in reducing the severity of LUTS that are mainly mediated through the NO pathway, which facilitates the relaxation of the prostate and bladder smooth muscles. NO synthase has the most critical role in the erection process by increasing the intracellular cGMP level of the smooth muscle in the penis via guanylate cyclase activation, thereby triggering penile erection by relaxation. PDEIs increase the cellular cGMP concentration and reduce the smooth muscle tone in the prostate and urethra. Among the 11 types of PDEs, PDE4 and 5 are comparatively more highly expressed in the prostate than in other tissues, and NO may act on the prostate in particular. Male sexual organ dysfunctions are often caused by changes in the NO system in the pelvic cavity and reduced relaxation due to decreased NO in smooth muscle tissue within the prostate. Therefore, PDE5Is might enhance recovery from impairment caused by LUTS [10] . A recent study on the daily administration of low-dose PDE5I indicated that the concomitant use of α-blockers and PDE5Is showed a positive effect on voiding symptoms as well as improvement in the sexual function. This was the first review on the use of PDE5I monotherapy vs. a placebo in LUTS/BPH and the authors concluded that PDE5Is are effective, safe, and could be used as initial treatment for LUTS/ED [11] . Another systematic review that excluded meta-analysis reported that PDE5Is alone significantly improved both urinary and erectile function without a change in urinary flow rate [12] .
Finally, a descriptive analysis examining the role of combined PDE5Is and α-blocker therapy reported a significant improvement in voiding symptoms with no proof of positive effects on urodynamic parameters [13] . Moreover, our meta-analysis of the combination therapy (PDE5Is plus α-blockers) vs. α-blockers showed mean differences in the following parameters: IPSS, -1.93 point; Qmax, 0.71 mL/sec; residual urine, -7.09 mL; and IIEF, 3.99. All the parameters were relevant in proving the superiority of the clinical efficacy of PDE5Is plus α-blockers over α-blocker monotherapy in improving LUTS.
Currently, several well-known first-line medication options are available for ED, which include PDE5Is with different characteristics such as bioavailability, clinical efficacy, and safety profiles. It has been postulated that the retention of PDE5Is in tissues and not only in the blood would enhance their pharmacological effects, and lead to a persistent erectile action even af- ter serum levels have diminished below the therapeutic level [14] . Tadalafil appeared in the clinic after sildenafil and vardenafil and attains its peak plasma level within 2 hours, which is relatively later than the < 1 hour observed with the other PDE5Is [15] . Moreover, the elimination time of the drug effect has been reported to be more than 18 hours because of its low volume of distribution and prolonged clearance by the liver. Therefore, the pharmacological activity of tadalafil persists for up to 36 hours. Although these are apparently superior metabolic characteristics, there is little evidence that these effects can lead to clinical benefits. In fact, our data reveals that the mean IPSS change difference values of the long-vs. short-acting PDE5Is were -2.12 vs. -1.70, respectively while the residual urine changes were -18.83 vs. -5.93, respectively. These data suggest that the effects observed were better with the long-acting than they were with the short-acting PDE5I but without statistical significance. However, the mean Qmax change of the long-acting PDE5Is was not significantly improved. The clinical action of the PDE5Is differs from that of α-blockers that relax the prostate tension. However, the action of the PDE5Is involves direct relaxation of the smooth muscle tension in the bladder as well as the prostate and, therefore, the improvement in Qmax is not directly suggestive of clinically superior efficacy [16] . Nevertheless, the IIEF increment of the long-acting PDE5I combination therapy (2.85) was below our expectation. In our opinion, the superior IIEF improvement exhibited by the short-acting PDE5I medication (4.85) may be attributable to the propensity of the patient administered short-acting drugs to be more careful in taking medications and promptly engage in sexual activities. These effects were also caused by an improvement in the endothelial function and continuous oxygenation of the penile tissues. For example, although sildenafil has a relatively short half-life, daily treatment with this drug induced numerous endothelial biological markers that have been identified to enhance the erection process [17] . Furthermore, preceding animal data found that the differences in the concentrations of PDE5Is in the serum and the corpus cavernosum did not correlate with the pharmacokinetic parameters. Consequently, several studies on the effects of PDE5I for the treatment of LUTS cannot be analyzed based on individual serum concentration or half-life of the agent [18] . Tadalafil is approved for daily administration in the treatment of these conditions and is currently the most popularly used agent, although udenafil daily dosing is now clinically available in Korea. Furthermore, only tadalafil has been approved for the secondary treatment of LUTS and is the most suitable agent because of its pharmacological properties. In our systematic review of the PDE5Is comparing their combination use with α-blockers and α-blocker monotherapy, several clinics have reported that PDE5Is can improve BPH-related LUT/ED more efficiently.
Previous research studies have already revealed that adverse events involving therapy with PDE5Is plus α-blockers were clinically insignificant. Although this review does not include the safety profile, the combination of PDE5Is and α-blockers was tolerable and acceptable as a treatment regimen for men with LUTS and ED [19, 20] . Furthermore, there was little discrepancy in the outcome between long-and short-acting PDE5Is, which both showed comparable and clear improvement in LUTS/ED in numerous randomized placebo-controlled studies.
Men with LUTS secondary to BPH tend to seek medical help for chronic, senile problems such as ED. This current review has several limitations, which are worth mentioning. There were methodological limits in confirming the individual papers adherence to the inclusion and exclusion criteria, as well as potential publication bias. Furthermore, the heterogeneity of the data were essential problems and safety analyses are lacking. Our data revealed that the mean differences were minimal between the long-and short-acting PDE5Is. However, each arithmetical differences contained some methodological limitations and, therefore, further investigations of related topics would be necessary in future. Finally, although our review does not contain long-term data, any combination of the PDE5Is with the α-1-adrenergic blockers, irrespective of the duration of action, can provide more potent options to improving coexisting LUTS/BPH as well as modify sexual function.
